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ABJ3TIRA

This Daner dc~cribeF a numerica-l cvýRlua'w-ton technique f--or

we . h t ine mult in 1 o' H on.r It is- a ve-r- rim~ipe, but u!7e-r'l,

technique for apnemtcal l-in~r relative VeiArhts to csn-

number o-f ort r To Tra"e t-he nrocees clce-r and unr~cerst;rnO-

*able, to F. -uidc variet-. oC` rc~nderE7, the tochrniu I,- ?.nlieJ

to the T)U-'chn.'e of a ne<automiob~ile. A numer-icpl cvaluation

*Of the ontional P~uiTnm~entL orn an automobile is made.

Th e nunaericel evaluation technique' mrr.-":: d~ talc to

i.'<ide vprict--, or' r'ultinle-ontion -'~roblams7. Theý techni'-ug can

be a-,)lied to o ei:,cht multiple objeýctives, re rui rements!-, pori-

oritie-, ms-tho-ýs, or -7r'ctir-1l- ,7n- se-tl of atiue.Sb

jectivit-T is. not,- climin--rlte b,)- the -oroceseF. but i i c---te-

mati~ed to allow., a uniform and unbl a2d armr)-o7ch. It ha-

imoort!!nt a~nlication in the. F-~t'c' anal-,sis -fie-ld, eti

* cularl-i in -venapons, s-.-stems evalua7tions-, requiremnents anal-sfis
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I. IlK TODUJCTIQ0E

S-,jstemr-. e-r 1--ris p-rl involvres the tprlk of ssistin,

deci-ionrn21:=r in choocin- T)refc-rrre( future cour-es o" r ctio

crom cever,ý.I alto rnativer:. Kei u uc if7 meýdc of Qu.,rititn-

tive techni,-uec. 0.-+ten, ho-.,ever, qu anti tr.tive n-

not fecbe ~~rtni :rit~erLnntiv-ec utoe n1d

in a v-ubjnctiAvo mnnnnr. Sub~jective anrij--nci inVolVOc7 V; lUe

juclernents, b-., the decisionrnsker end thu!7 is speci-liic to the

individu7. Vorfrr: t' n~Lr ' Thi- K.oec not oc th'

the rubojective evo-lu.-tI-on mus--t be canriciourc, althouý-h it

of-ten ir. A Fsubje-ctive eanei1-7is, ,.lthou-.h v.?rieble amonc7

iniiveinlr~cfomi:~the nd cic!-n 7ti 19 bes '7]_fcortrL-

stent ?n-lri -stjrrmstic.

Whether 7,-e reenlic-,e it or not, ý.-e ell perfom sytems

an;Dl1-sis in our every.ds-i livesF. For most cc --o-ole, the te-chni-

cue is one of s-ubjcctive analir-is wi,,th limited rue~ntitrative

incuts15ý (u1sus11- coct) nlso conc- 'le - Vc c o ý'ten con-

fotd ith thc, n-?cessit-- of choo~i n 2r.',orn'- v'r lt

cr~~vetoo me-., vo7.n-7c onc- -)eome- n Yicerlr

teck. The frustration of" clnrwt co,,rclix: choices7

.~utccrr oteri.irn,- u-) csjrth Kciion~r,,ý"r iren(7.

f ~nlr n n -rrj -rire*hc he orilýoK Such re>-r* n f



tCmlif~e 0-- u0in r-,- >umTc -ornorc co~r a shi-C1

Dancr to decione such anmronc.6n

II. TH CE P RO0BL 7ýI4

A common docis~ion invol vir- sweveral orotionr7 and comnbin-a-

tion-. 0:: ontions is the deemnto-"o the7 ontiorel e-uin-

mcnt to inc½&. in the nurchase-,- o.: ne-,, !-utomIob-ile-. CleParli-

tho decirion miust be s-ubjertive.. Opt-Lions,- thrat :,rp irrortannt

to one bu-jlrrm. be. cornoletel-,r unimnoi.tant to anoth-Ier. Th-is

alloj.. the bv-7cr to choose the, combinetion whIich siihjectiveli-:

suits his nsedc.

SurmoFe th~e bu-.-r, Mr-ý. Jones, hn.s dcci(cIedc thnat he ua:rntsp

to hu-r !?n inemdaessr sden. Theý b r7i c c,-r! comes.

ooi~d it re-ix c.-linde" en-me--, ctandýard-7 m-nual trn-

mission and nreciouc little els,-e. T~he- manuFecturer lis~ts

about twenty- ontion7 w,.h-ich can be, added, tit P-Olitionrl e,-veense,

to tebn-ic c.nm-. Snnno~e I~.Jonesý i- on):- irter-17~te-d in I',

of tho.-:, 'C ont--io-na,. Sjonsi ontiorns cosýt little, and some co,--t(

much.) Ch Some he- lntrvr me, n oLl-h' not s.o s~ure

about. i~.Jones i: no m._h,-ic. wisr ncl. cannot j u 7l

dl11 c4- Pnd thbýir estr in.-norýtsnc- in hiF. minrl sirmiu-

t~aioi1 L-' ý o-- t~h- :tn- n-.l 7t, c-n corner 1-o

,l:Gr J on-I 71.



p -on i- rrve -e-. -

opin i ien P- letter. Th e se a re j usr-t a Fs i r:n cd

rsecuenticll.1--, ý.rd. the- orde,(-r inh no rlferenc-. he:-ct, h

c-7ctemsc anal -4-f~ makos uo a_ýn evaluFstion matrix us-in- the ke,7

lectters. Th ? t~- i- a un -o thtoneý Fcue7:r., exi-ts

for ever- -o o c ýi iin1 of ke etr.Fisure 1 iý.

the b,-ecic maatrix-, frerd~or Kir.Jone!7. The topo half' of

Fig-ure 1 contains the oot)ioni-: and. ke:- lect t rc the bottom

helDf the- 1,e- letter rnatri~c. Ignore the "siht column

for the -nresent.

III. THE EUTE--RICAL TEVALUATIoi:1

With Fi -ure 1, thel -_nal-Ft is no-Ts~- to ha:-ve 1,7r. Jones:

makce the evelualtion. Starrtinrý 1,th e-letter "A", Mr..

Jones- is asked to cors:)are that ontion ~c-7lincler en-ins)

to each of" the othe,:r ontionr. He i- ake to ind~icnrte,

'irt hir -' eeec Cetle fl ai~ o0 ocin 0 n

reconcdl--, the extent of h isT ne rn c e Th'etn of i

~ssio:n 0 !Il7, 7- ons -3 7, aseccn- in

the noteý on F ue1. U-uell-r t hes ýcr ::--ncces77r

1n 1ion )tt- o h tr

Jones0 to deiid e~e 7-,.io he Jr~r.I i ~ o

is i'ndat it -7,UIc t;;bsL 0e.I ehst



NUMYERICAL EVALUAT ION TECHNIQUE

Name _________ __ Date _ _____ Project ______________

Lirrr Options WIH

A 8 CYLINDER ENGINE
SAUTOMATIC T1RA11NSiI S SION

HEKAVY DUTY SQUSPENSION

E DISC BRAKES
EVAL.UA110t4 SUMMARY F__ PC_ -R

G FPOWER i WI 1 DOS_____
H POW.ElR DOOR LOC'KS____

POW-,ER ANTEENNA_____
j AIR CON.DITIONER____

AM~ RADIO____
L. 7P ST7ESO RADIO ____

M AUTOMATIC SPE-ED CONTROL____

t-- SUIN ROOF I
8 C D E F G H I J K L M N

C

D

EI

N4LMEIR ICAL EVALUAT=~

Noi:- EVALUATioN WEizc.J, FACTORS L

MINOm oIPvrCmx-4CE SN IMPORTANCE H- - -
2 MCCIUM 1OFESIC14CCC 1#4 IMPORTANCE- - -

3 Vi'AJOR OiFrrirpmcc in impoa1ANceI

K

lFilgure 1, Bas-ic Evalun.t~ion Ntr L

4.m



Cive it -om-2 thoil-,It, >ýut cln'ýx'l- nref,-rs orale-nt.ie

tV-n 're --ouV-iii" '. -' I- ~r- r, '1jr-ii

timre decidin-, the.-n a "1" -,would be P. ri. n rA. The nre-."erred

option isý naý.med b-- it! ke letter follo-w.eci b- thPe.extIent

of nreference. For exerrmnle Pa "B-i" in the_ A-B int-,:ireection

block of Fi.,ure 1 mecans7 that in cor eýýri~nl o-otionc A -.nd B,

Mr. Jone!s rrelrerrod. ontion,, B but uenot ver-. c7ure ,-.bout

his decision. Reme-atin7 this- p-roce!7s for the, entire mn~tri'x

*recui±'ed Mr. Jones.' to com-nere each op~tion arrainst eve.-,.?

oth-r ontion. Nonc could be skred nd uic h.lrc

* it iwould be ~e~difficult for Mr. Jones to anticinate the.

final outcome. The com-oleted maet[rix is showvn in Firrure 2

The :Teirht"' column ir FiýTure '2 isý the des7ired outnut o"

the evaluation. The eY,,EAihtc are iml-thel -u~mmation of-.

the prefIerence ratinrrs for each ke-7 letter obteined b-,,

addinc: all the numbersý aSsociated w.-.ith each resoective ke-.7

letter. For example, in Fisure 2 there wsa totnl of 29

"p)ý-reference noints"1 -soise ith k-~ letter - '

The TueiR~ht- obtCained from the m.atrix --:vpluation p~roceýss

rer-'~res--ent the rele!ntive rreference thet 1-1r. JonesF hed f'or

the f-ourteen optio. .,:min!,tion o`f the -,ei-htsý chow-

thet Nr. Jones as the storetnreferenc- 'or !,n -uto-

rae-t i ( tre,ýnsnsin -oloe r., en 1i nh-dne :,.n

;nnd then I)-- sýir con~i tionin--. The,, -3ro rriionth

no7er, e.nten=- sho,.-s th' t he- qrfrr vc-- o't-ion to it.

TýJIith the l i-t in 1-er ,M.Jones no-.- hss en _r f



NUMERICAL EVALUATION TECED'IQUE

Name Mr. Jones Date 1/2/75 Project New Auto

KtvLKryE Options WCIGT

A A CYLINDER ENGI NE _____
B AU TOi-:L TIC TRANSMISSION
C TRACTION TYPE DIFFERENTIAL

D HEAVY DUTY SUSPENSION .
E DISC BRAKES J

EvALUAIoN SUMMARY F ST:S LERIN ____~~~~~ ... . 1• •,• 17 ÷ •, ' ,
G 7OZR DCT S /
H POiER DOOR LOCKS 2

I PCWER. ANTENNA O,
P C ,, 17 P.... .. 11

j AIR CONý.DIT"ILONER ___

AM RADIO I!L , 71. 11:)
AUTOM,1A TIC SPEED CONTROL 10
S.SUN ROOF 6 1

B C D E F G H I J K L M N
A- 3B-I - A A-1 AA-7- A-7 A-2 2 .-

,, - -l - .-.

B-3 B-2 B-2j B-? B-31B-3 B-3 B-1 B-3 B-3 B-? B-31

D-1 E-2 F-1 C-3 C-3 C-3 J-3 C-i C-i C-2 I C-3

E-2 F-2 D-3 D-3 D-3 J-2 D-I L-1 D-l D-'

F-1 E E-3 E-3 J-! E_- E-i E_

NUME.RICAL EVALUAT!.N4F F-3 F-3 F-3 F-I F-1 F-- F-?F-3

Nov:- EVALUATrOM WCtG" FAcTroRS G

MINOR ,IM, r6EE-3CX A I ,MPORTANCC HH-2 J-3 L- -•
2 a KroIUM OIrErPtKCZ IN IMPORTAKCE -.....

3 - MAJO• oPPECR-CC IN IMPORTANCE J-3 K-ý L- I

J
J-3 J-3 J-1 J-1

K
L- ,,K-li K-71

Figure 2. Completed Evaluation Matrix L L- L-

6" M -



nriorit-,r livt o~f ont-io-nsnd us--in,- ius-t this- list al1one-,

1 i n .- nu~*Q c- te no-ition to !n- r-+-lionrl 1" .P

he had a. limit :)n his fPundst he 6oul(7 ý:clect those ontionc

w,,ith t,-he hishest ý-,eiTh t first, re-ressin- dow-.n the riorit

1is,-t until hiý- funds were ex-)cnded. Thus7, Mr. Jones- is able

to make rational. andý relitivel-r -nainle-s decisions on the

ontionrs w.ithout This- he.-:vin- the neý-'-inr- .`eelin.- the-t he h-

ovorlookled smti'

The examole could be pushed a step, further to more cleanl-

consider- the csro-. the ontion-. Some o-ptions e-- ver--

expensive ,.hile others are relativel-, ine~xoensive. -dith

limited funds, can Mr. Jones -_(t the most :-atisFe-,,ctLion

from one exnen. Tveo oD t i o n o' fomsvereýl inexeen-niveý options-?

TI' we, consider thn ;:ýhs s in".~tr o IM.Jnes:e

lat~ive utilit:v (or sa,-tisfaJ;ction) , then wre can see how.. msnw,

"utilit-, noints, nor buck" he is Frettin-, for each ontion.

Table 1 show.,s these values calculpted for the 1lb. o-ntionsý

in the exml.Theý rntio r~ rmltinlied b-- 100 'or cosr-

veM ienc bcue it is eas--ier- to deal- '.-th w,%hole numoers;

tlea.-7n w,.ith _ 1-action '

.,,si n:7ti or~ Or Ta~bl 1 showsT- a ut f not rict i.e

thaýn ,just c siensthe b-i-hts b- themelves. It can

tam dffrotid.Uht o--- tis ,-117, P Jones st-ill



T1e1. Utilitl-, Ttr or En~ch Ont-ion

OPTIONI WEI GHT. COST (~) Pfl DOLLAR*

SC-lirndel En i ne 91~'

Au tornat ic Tr FnFmi cFi o n 32 227l-

Tr,?.ction-T-hm-- D iCrentie f5

Hc.,w-w Dut.- Susvy-nsion 13

Di sýc Br ak s 23 51 l

Power Steering 26118 22

Po-Ter Door Lockrs 270 3

PoweI-r Antenna. 0 3 4 0

Aiir Conditioner 2 ~ IL7

FT!!? Raddo '13 9

Aut~omatic Sreced Control 10 113 9

Sun Roof6 11



reorf '.. ýnr. en uton!:tic t-rn-nei-!7ion. How-ever-, iY' his- -Punds.ý

satisf~action) nrdoll!,- fom th e he, d.ut-y susn-nsion.

-A,,ein, this rgives naddritional daato Mr. Jones- to -.low,.

,him~ to m ae 1 r-ationol decision -nd to rmake_ an ef'Lýficient

allo~cation ofn hi- resourcesý. The evaluntion does not m~ak-e

the "decision -for N.oebut it does r-ivc-. him a fs.-stem-

atic and rational basis for makins the deci:sion.

IV. APIPLICAITPIOLS' TO D-T77-ý ,1,'S iiS

The new car exampole s-how.-s the usefulness of the numeri-

cal evaluation technique. If the techniluo wee1ý onli- ao.Tli-

cable to bu-in'ý a n(ew. cr it w.ould be of little concern. to

the srtrn nal-rst. Bes7ides-, one 'pFt-telk in-, hir-h-

pres~sure salesman could blowv the wholeý process2. It does.

not ta~ke much imat-inartion to hee how the technique cPen

Tprofitaibl-.?- be a-oplied to defense nrojects. For examnle,

let the n-:w. c!-r o-rtions- becomle the :c ui_'rc oertinr

re uirements- (ROC) o" ? combat vzhicle. Let Mrc. Jones7

beýcomne the- ke-- se-r o' TACIOD. The-n thb ass'esF woul)A

could be usedýr in a veriet- o0` Fes or exn -l everal

c~iidteveicescould) be ~te n 0:or elso 1 to

10C, arsaýinet -eachi- BLOG. Thenths rtrM- couldi br. nu-.U-

t i -0 1ri b- ther,: wei "totain-.Ob theý, nuence valu-ntion



techninue end summed to -ield P veighted "effectiveness

•<Coro". Th-,e 7core- con~di•• h rt ],,ntiv, imnort.nce oa

the various ROC', as well as the ratings. The scores could

then be used in a cost effectiveness stud- of the candidate

vehicles.

Similarly, the technioue could be anrlied 0+ a contract

propooal review committee or source selection board. The

options could be various attributes of the contract porposal.

The weighting process would yield the relative importance of

the various attribut... Then each oronoser could be r•ted

against each attribute end the product of the rating end

the weights could be summed for a total score.

There are almost a limitless number of situntions in

which the numerical evaluation technioue could be applied.

The principal strenoths of the technioue are:

1. It is simple.

2. It renuires the decisionmaker to consider all options.

7. It. is sstemotic. The rpm, -te..s are P.l7--Y involved.

and proceed in a logical and unbiacred manner.

4.. It is ver- difficult to mpninulnte re.nonsen to

obtain a oreconceived answer.


